This paper presents examples of modelling developments in various policy fields where economics and ecology meet, often in conflicting situations, i.e., with conflicting objectives. An overview of nature conservation and economic objectives and policy issues is given and a series of policy fields in which practical applications of economic-ecological modelling exist. This is illustrated by a selection of examples of such a.pplications. One of the emergent conclusions from the paper is that economicecological models have rarely been used for explicit trade-off of conflicting objectives, although the resource and environmental policy issues for which they are built generally imply multiple objectives. Most economic-ecological models reviewed in this paper rather analyze the impacts of conflicting objectives on economic and ecological systems respectively.
I. Introduction
During the past few decades both policy-makers and scientists realized increasingly that real world problems are very complex and difficult to solve without a careful analysis. To that end, quantitative modelling approaches have become important in many disciplines. Mathematical models were introduced for research and understanding of situations and developments in the real world. This was done primarily, however, to describe and analyze structures and mechanisms in monodisciplinary contexts. The resulting models externalize all factors other than those belonging to the pertinent discipline. With these efforts focused on monodisciplinary instruments the practibility of applying them in real world policy making and planning had to take--at ]east temporarily--a back seat.
More and more researchers, planners and policy analysts have, however, become aware of the limitations of monodisciplinary modelling for understanding developments in the real world. Real world problems do not follow the boundaries of scientific disciplines. Purely economic models proved often to be inadequate and ineffective in explaining actual economic development, while purely ecological models also were found to be rather useless in explaining and predicting the state and behaviour of ecosystems influenced and managed by man. A series of attempts started in which monodisciplinary models were extended with variables from other disciplines and later fully multidisciplinary models began to appear. In this paper we give some examples from various policy fields of developments where economics and ecology meet, often in conflicting situations, i.e., with conflicting goals. Section II presents an overview of economic-ecological objectives and policy issues and a series of policy fields in which practical applications of economic-ecological modelling have been attempted so far. In Section IIIa selection of examples of such applications has been reviewed. Some concluding remarks are presented in Section IV. A more extensive introduction into economic-ecological modelling can be found in [4, 5] .
II. Goals, Policy Issues and Scientific Disciplines
To live and grow, living systems need energy and matter in utilizable forms. When the state and development of the environment do not meet the requirements or needs for energy and matter of individuals, special interest groups or society, they constitute a "problem" and sooner or later will be referred to as such. Such problems can be identified as conflicts between the natural system (the part of the earth's environment not designed or built by man) and the socio-economic system (comprising humans, their built environment and their social organization). Environmental and resource issues are real world phenomena observed and felt by the general public, academic scientists, policyanalysts and decision-makers. Essential information in the analysis of such issues is the set of feasible policy options and their consequences for the socioeconomic and ecological systems involved. This requires information about the state of these systems, their general behaviour and the position and specific linkages (interrelations) of relevant issues. In many of these issues political aspects play a role. The final policy is either influenced by a single objective or by multiple objectives. In environmental and resource policy making, three main types of policy objectives can be distinguished: (I) ecological (or nature conservation) objectives, aiming at a minimum exploitation of and damage to natural systems. In general, these objectives concentrate explicitly on limited areas only, sometimes with the implicit purpose of saving resources for later use. Another aspect is the protection of natural systems from consumptive use for the nonconsumptive forms of use, such as recreation, aesthetics and scientific research; (2) economic objectives, sharing the characteristic of maximum production of goods and services at minimum cost. The satisfaction of present needs is predominant. These needs may be very basic such as food and shelter, or less generally accepted such as marginal increase of personal wealth; (3) mixed objectives, i.e., economic and nature-conservation objectives are considered at the same time. These objectives are not as common as the beforementioned ones. They can be characterized as maximum sustainable use of resources and environmental services at minimum ecological damage and minimum costs. The crucial concepts are sustainability and multifunctional use. This means that the various forms of use are compatible with the productive and carrying capacity of the natural systems involved. It implies that this compatibility extends over an unlimited period of time.
Policy issues are the policy or managerial problems that are addressed with one of these type of objectives in mind. In view of the relationships
